In this study, white pan breads part-baked 10, 15, and 20 min with and without added calcium propionate were stored at 20 C (room temperature) for 3, 5, and 7 days and at 4°C (refrigerator temperature) for 7, 14, and 21 days. After storage, the baking time of part-baked breads was completed to the baking time of control breads (25 min). Total aerobic mesophylic bacteria (TAMB), coliform bacteria, yeast and mold, and Bacillus spore counts of breads were determined before and after the second baking. While TAMB, yeast and mold counts were 8-log CFU/g in dough, it was measured as 6 and 2-log CFU/g before and after the rebaking process, respectively. Microorganism counts of the partbaked breads without Ca-propionate stored at room temperature increased in significant amounts. However, the second baking process after storage contributed to the re-freshness of breads and decreased the microorganism counts. The levels of water activity (a w ) for breads with and without ca-propionate stored at different temperatures and time profiles approximately ranged from 0.92 to 0.89 after the rebaking process and did not significantly affect the microorganism counts. However, addition of calcium propionate in the bread formulation significantly decreased TAMB, coliform bacteria, Bacillus spore, and yeast and mold counts, depending on decrease of pH levels. It was found that the microbiological quality of the rebaking bread with Ca-propionate after part-baking for 10 and 15 mins and storage at both room and refrigerator temperature was much higher than that of the other.
INTRODUCTION
Bread is the main staple food meeting nutritional needs of humans in the world. Physico-chemical changes (staling and strength), and microbial spoilages such as rope and mold growth, are major factors limiting the shelf life of bread. The texture and aroma of bread is quickly lost. In considering the importance of bread in terms of nutrition and over consumption, this limited shelf life causes great economic losses in the world. The shelf life of bread has been extended by different product formulations, and the various process conditions and packaging techniques due to losing to its freshness quickly (desirable texture and aroma) and exposing to mould (1 -4) .
MATERIALS AND METHODS
Wheat flour (13.87% water, 12.83% protein, 0.53% ash, 30.7% gluten, 59.5% water absorption), fresh yeast, and salt were obtained from the local grocery stores. Calcium propionate was purchased from Fluka Inc. Bread was baked in a conventional oven according to the standard pup-loaf procedure, AACC method 10/09 [15] with some modifications. White bread was made according to the following dough formulation: 100 parts (weight basis) wheat flour; water, 59.5; salt, 1.5; yeast, 3; and calcium propionate, 0.2. All ingredients were poured into a mixer (Stephan UM-5) and mixed for 2 min using low speed (1500 rpm). The production diagram of part-baked white pan bread is presented in Fig. 1 . For production of part-baked white bread (baking phase I), baking times of 10, 15, and 20 mins in a conventional oven at 230°C were used. After the baking process, breads were cooled for 1 hr at room temperature and then packaged in 20 x 30 cm double-folded nylon pouches and stored for 3, 5, and 7 days at room temperature and for 7, 14, and 21 days at refrigerator temperature. After storage, the part-baked breads were re baked in the same oven (230°C). The baking periods of the part-baked breads were completed to the baking time (25 min) of the control breads in the re baking process (baking phase II).
Physical and Chemical Analysis
Moisture content of flour was determined by using an air circulation-drying chamber for 2.5 hr at 135°C. [16] The amount of protein was determined with the Kjeldahl method as described by Elgün et al. [16] Ash content was carried out at 910°C ±25. [14] Wet gluten was determined using Glutomatic 2000. [16] The pH was measured using an ATI-ORION 420A model pH-meter. [16] Water activity (a w ) of the bread crumbs was determined using the electrohigrometric method proposed by Münzing. [17] Values for investigated parameters were means of duplicate. 
Microbiological Analysis
The sample homogenizations and dilutions were first prepared for microbiological analysis. For this step, 25 g of sample was weighed in sterile stomacher bag and 225 ml steril physiological water (8.5 %NaCl) was added and then homogenized using a Stomacher 400 (Seward Medical London Se1 1PP UK). Thus, the first dilution of 10 -1 was obtained. The other dilutions were prepared from the dilution of 10 -1 to 10 -6 and microbiological analyses were performed as follows.
Total aerobic mesophylic bacteria (TAMB) count. Total aerobic mesophylic bacteria count was determined as colony forming units (CFU/g) bread. Suitable dilutions of 0.1 ml (10 -4 and 10 -5 ) were spread on about 15 ml of plate count agar (PCA) (Merck). Inoculated petri plates were incubated at 30°C for 3 days. After incubation, the colonies forming in 10-300 CFU/g were enumerated using a colony counter (Dark field Quebect Model 3326, AO-American Optical). [18] Coliform bacteria count. The coliform bacteria count was determined as colony forming units (CFU/g) bread. Suitable dilutions of 0.1 ml (10 -1 and 10 -3 ) were spread on about 15 ml of violet bile agar (VRB) (Merck), and the petri plates were then incubated at 37°C for 1 day (18) .
Yeast and Mold Count. The yeast and mold count was determined as colony forming units (CFU/g) bread. Suitable dilutions of 0.1 ml (10 -2 and 10 -4 ) spread on about 15 ml of potato dextrose agar (PDA) (Merck) in petri plates and then incubated at 20°C for 5 days (18) .
Bacilusi spore count. Bacilli were determined as colony forming units (CFU/g) bread. The bread homogenizates were first transferred into sterile test tubes and incubated at 80°C for 10 min and then cooled to 45-50°C, and then spread on about 15 ml of plate count agar in petri plates. The petri plates were incubated at 30°C for 3 days (14) . The experiments were performed twice.
RESULTS AND DISCUSSION

Results of Microbiological, Physical, and Chemical Analyses for Wheat Flour
Results of physical, chemical and microbiological analyses for the wheat flour are presented in Table 1 . Results of microbiological analysis for the dough used in the production of wheat pan bread are presented in Table 2 . As shown in Table 2 , the numbers of TAMB, Bacillus spore and yeast and mold counts were found higher in the dough with added antimicrobial (calcium propionate) than in the dough without Ca-propionate. However, the coliform bacteria count was higher in the dough without added antimicrobial than bread samples. In a similar research, TAMB and yeast-mold counts were found more often in the dough samples than bread samples. Addition of antimicrobial significantly affected the numbers of microorganism. [19] 
Part-Baked White Pan Breads without Storage
Results of microbiological analyses, a w and pH for the part-baked breads without storage are presented in Table 3 . The addition of antimicrobials and baking time did not affect the numbers of microorganisms and water activity levels of the breads. The coliform bacteria count was lower than log-2.00 CFU/g bread. The numbers of TAMB, yeast, and mold in dough samples also decreased from 8 to 6-log CFU/g bread with a decrease by 2-log CFU/g dough ( Table 2 ). The microorganism counts increased significantly during storage of the breads without added antimicrobials at room temperature. However, the second baking process after storage proved the refreshness of breads and caused a decrease in the microorganism counts.
The water activity of part-baked breads was about 0.92., which is appropriate for growing microorganism groups. As a matter of fact, the growth of all species is quite similar and, growth is faster at 0.90 a w and slower at the reduced water activity. [20] The pH values of part-baking breads decreased with the addition of Ca-propionate. However, partbaking time did not significantly affect it. The results of analyses of the part baked white pan breads stored at various time-temperature profiles follow.
The breads stored at room temperature (20؎2؇C). The numbers of TAMB, coliform bacteria, yeast, mold, and Bacillus spores for the part-baked breads stored at room temperature (20±2°C) before the second baking are shown in Table 4 . The numbers of TAMB, yeast, mold, and Bacillus spores before the second baking increased as the storage period increased. The use of antimicrobial caused a decrease in the numbers of TAMB, coliform bacteria, yeast, mold, and Bacillus spores in the breads. The TAMB counts of the breads without added antimicrobial were about 8-log CFU/g at the end of storage of 7 days; however, in the breads without Ca-propinate, they were 2-log CFU/g with a decrease by 6-log CFU/g. In addition, a reduction of 5 and 3-log CFU/g in the numbers of Bacillus spores and yeast and mold counts of the breads were observed. The use of antimicrobial in the bread formulation significantly affected coliform bacteria counts. The coliform bacteria count was found in < 2,00 log-CFU/g of the breads after storage following the rebaking process.
Use of calcium propionate as an antimicrobial significantly affected the numbers of microorganisms in the breads. As a matter of fact, the Ca-propionate added to the bread formulation converts to calcium and propionate. Propionate reacts with the water and then forms propionic acid. Production of propionic acid is also stimulated with a low pH. Furthermore, Ca-propionate causes a the decrease of the intracellular pH and inhibits enzymes and microorganisms. [21, 22] The numbers of TAMB, coliform, and Bacillus spores decreased with an increase of baking time in all the storage periods.
The numbers of TAMB, coliform bacteria, yeast and mould, Bacillus spores, water activity (a w ) and pH values of the breads re baked after storage at room temperature following the part baking process are presented in Table 4 . As shown in Table 4 , the total baking time was completed to 25 min with the second baking process after storage. The number of microorganisms of the breads re baked was less than that of the breads without re baking. Because the second baking provided re freshness of the breads, the numbers of microorganisms increased by the part-baking process decreased significantly. The second baking process particularly caused a decrease in the yeast and mold counts of the breads.
When yeast and mold counts of the part-baked breads without added antimicrobial before the second baking were 2.00-6.64-log CFU/g, that of all baked breads without added antimicrobial after the second baking was 2.00-2.92-log CFU/g. Viljoen et al. [19] also reported that TAMB counts were greater than yeast and mold counts for all partbaking and storage times. The addition of antimicrobial caused a decrease in the numbers of TAMB, coliform, Bacillus spore, and yeast and mold. When TAMB and Bacillus spore counts were about 7-log CFU/g on the 7 th day of storage, a decrease of 5-log CFU/g in the breads with added antimicrobial was observed.
An increase in the part-baking times of the breads without added antimicrobial resulted in very little increase in TAMB and Bacillus spores. The breads baking with the time of 25 min after storage such as the control group breads were re-baked times for a short time (the second baking process). It has been reported that Bacillus spores could be resistant to temperatures of 97-101°C (14) . Bacillus spores might survive, because of all the parts of bread did not reach to these temperatures. In order to prevent the rope formation in breads made with the part-baking method, dough bases must be used containing low bacterial load, and the pH of the dough must be reduced with antimicrobial additions. In addition, breads must be quickly cooled and kept at low temperatures. Furthermore, the oven atmosphere must be adequately sanitary. [23, 24] The second baking process significantly affected coliform bacteria counts. When the coliform bacteria count was 5-log CFU/g at the end of storage before re-baking (Table 4) , this count had stayed below the detectable limits, except for the white pan breads without added antimicrobial baked 10 min after storage of 7 days. The part-baking time and storage period slightly changed the pH and a w of the breads re baked after storage at room temperature following the part-baking process. Water activity generally decreased as the storage period increased. This situation could be attributed to water lose in bread during the storage period. While the pH decreased with the addition of Ca-propionate, a w did not significantly change with the addition of an antimicrobial additive. It was found that the levels of pH for breads with and without Ca-propionate were approximately 6.3 and 5.8, respectively. This reduction of pH may also cause a decrease in the microorganism counts of breads. In general, the breads re baked after storage at room temperature, following the part-baking process, had a w values in the range 0.89-0.92 ( Table 4 ). The pH, water activity, and temperature are the most important parameters that control the microbial growth responsible for the deterioration of foods (20, 25) .
The breads stored at refrigerator temperature (4؎2؇C). The numbers of TAMB, coliform bacteria, Bacillus spore, and yeast and mold of the part-baked breads stored at refrigerator temperature (4±2°C) before the re-baking are presented in Table 5 . As shown in this table, the microorganism counts of the part-baked breads stored at refrigerator temperature were less than those of the part-baked breads stored at room temperature, although the storage period was quite long.
The use of antimicrobial additives caused a decrease in the numbers of TAMB, coliform bacteria, and Bacillus spore in the part-baked breads stored at room temperature. The number of TAMB, coliform bacteria, and Bacillus spores decreased with an increase of the part-baking time. The number of TAMB, coliform bacteria, yeast and mold, Bacillus spore, a w, and pH values of the breads re baked after storage at refrigerator temperature following the part-baking process are presented in Table 5 . As shown in the table, the storage temperature of the part-baked breads that were re baked significantly affected the microorganism counts in the final product. The microorganism counts of the breads stored at refrigerator temperature after the second baking were less than that of the breads stored at room temperature. Coliform bacteria counts were determined as < 2-log CFU/g in the different storage periods and temperatures. The numbers of TAMB, coliform bacteria and, yeast and mold were generally about 2-log CFU/g.
The effect of an antimicrobial additive, part-baking time, and storage period on water activity levels and pH values (Table 5 ) of the breads re baked after storage at refrigerator temperature following the part-baking process were similar to that of the breads at room temperature ( Table 4 ). As seen in Table 5 , while a w levels ranged from 0.89 to 0.92, pH values of breads with and without Ca-propionate were about 6.3 and 5.9, respectively.
CONCLUSION
The results of this study indicated that the part-baking method was a suitable method for white pan bread production. The microbiological quality was found to be more useful in part-baking breads stored at refrigerator temperature than at room temperature. We may conclude that the use of an antimicrobial agent in part-baked breads is very Table 5 Results of microbiological analysis for the part-baked breads stored at refrigerator temperature (4±2°C).
Anti important and, if not, the part-baked breads must be stored at refrigerator temperature (4±2°C). Antimicrobial additives limited the microbial growth due to a decrease of pH rather than a w .
